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BRIEF SUMMARY OF PROJECT 


Low molecular weight thiols play a key role in cellular defenses against 
oxygen toxicity. Glutathione is the thiol used in higher organisms hut we have 
shown that it is absent in many prokaryotes. Since substantial diversity must 
have existed in prokaryotes prior to the evolution of cyanobacteria and 
accumulation of oxygen in the atmosphere, it might be expected that 
evolutionarily distinct groups of bacteria evolved mechanisms of protection 
against oxygen toxicity based upon different low molecular weight thiols. The 
long term goal of this research is to delineate the differences in the thiol 
biochemistry of prokaryotes and to understand how these differences evolved in 
response to the shift from anaerobic to aerobic metabolism. Specific aims of 
this proposed research are: (l) to expand the methods of thiol analysis 
developed in our laboratory to measure all known biological thiols and to 
include analyses for thioesters, disufides, and dithiol proteins (thioredoxin) ; 
(2) to apply these methods to establish the main low molecular weight thiols 
produced by all major groups of prokaryotes; (3) to establish the structures of 
any novel thiols which appear to have wide distribution; (4) to elaborate the 
occurence of key enzymes, especially disulfide reductases, involved in the 
metabolism of these thiols. 

With respect to the first specific aim, the methodology based upon 
fluorescent labeling with monobromobimane for analysis of thiols and thiol 
derivatives has been greatly extended and now includes ion pairig HPLC 
techniques which permit analysis of low molecular weight thiols that are highly 
anionic in character, such as coenzyme A, as well as cationic thiols (P1,P7). 
Methods for specific analysis of the thiol components of thioesters and 
disulfides proved more difficult to develop than expected owing to the fact that 
conventional methods used to cleave disulfides also cleave thioesters but 
selective cleavage based upon hydroxy lamine led to a successful method (P4). 

An analysis for thioredoxin was also developed based upon fluorescent labeling 
of the two cysteine residues and HPLC analysis after a heat treatment and 
desalting procedure (P5). To facilitate isolation and identification of thiols 
of unknown or uncertain structure from biological systems a rapid and efficient 
method for purification of thiols from biological extracts was developed based 
upon thiol affinity chromatography and preparative HPLC (P8). 

In accomplishing specific aims (2) and (3) we have shown that glutathione 
is absent in all strictly anaerobic bacteria studied and is produced only by the 
purple bacteria and the cyanobacteria (PI, P6). Since the purple bacteria are 
the group most closely related to mitochondria and the cyanobacteria are related 
to chloroplasts, this suggests that incorporation of glutathione metabolism into 
eucaryotes could have occurred during the endosymbiosis giving rise to 
mitochondria and chloroplasts. This hypothesis is supported by the finding that 
Entamoeba histolytica , a eucaryote lacking both mitochondria and chloroplasts, 
does not produce glutathione or the enzymes of glutathione metabolism (P2). To 
further understand mechanisms of protection against oxygen toxicity it was 
important to ascertain what thiols are used by aerobic bacteria which lack GSH. 
The Gram positive bacteria and the radiobacteria were found to produee coenzyme 
A in unusually large amounts (Pi) whereas, among the archaebacteria, the 
halobacteria were shown to produce half of the glutathione molecule, 
/-glutamylcysteine, as the major intracellular thiol (P3). A wide variety of 
unidentified thiols were also detected, but few occurred at high levels and had 
wide distribution. 
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The pursuit of objective (4) was confined primarily to studies of the 
disulfide reductases responsible for maintaining coenzyme A in a reduced state 
in Gram positive bacteria and for reducing /-glutamylcysteine disulfide in 
halobacteria. At least two coenzyme A disulfide reductases have been identified 
in Bacillus cereus (A1,A5) and a ^-glutamylcysteine disulfide reductase has 
been detected in halobacteria (P3). The latter has been purified to homogeneity 
and is presently being characterized (A 6, A. R. Sundquist and R. C. Fahey, 
unpublished); a full report on this enzyme will be submitted in mid-1987. 

In conclusion, the present studies have shown that GSH metabolism arose in 
the purple bacteria and cyanobacteria where it functions to protect against 
oxygen toxicity. Evidence was obtained indicating that GSH metabolism was 
incorporated into eucaryotes via the endosymbiosis giving rise to mitochondria 
and chloroplasts. Aerobic bacteria lacking GSH utilize other thiols for 
apparently similar functions, the thiol being coenzyme A in Gram positive 
bacteria and J'-glutamylcysteine in the halobacteria. The thiol biochemistry of 
prokaryotes is thus seen to be much more highly diversified than that of 
eucaryotes and much remains to be learned about this subject. 
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